This study demonstrates the risk adjusted cumulative sum analysis of an individual surgical learning curve for acute type A aortic dissection surgery. Thirty consecutive patients were operated by a single surgeon for acute type A aortic dissection from April 2001 to March 2008. Operative variables, mortality, and major morbidities were analyzed. The learning curve was calculated by cumulative sum analysis. The anticipated 30-day operative mortality rate was 20.2±12.7% (range, 3.3-56.7%) and the expected 30-day mortality and morbidity rate was 47.0±13.3 % (range, 21.7-70.6%) according to the Japan SCORE calculator. The observed operative and in-hospital mortality rate was 6.67% (two patients), and the observed major postoperative morbidity rate was 10.0% (three patients). Risk-adjusted cumulative sum analysis revealed that no excess deaths occurred beginning at the seventh case and thereafter. The surgeries for acute type A aortic dissection could be performed at the professionally permissive level from the beginning. Riskadjusted cumulative sum analysis was a useful tool to monitor the performance of the surgical procedure.
INTRODUCTION
Acute type A aortic dissection (AAAD) is a highly lethal cardiovascular emergency with an incidence of 3685 new cases per year operated in Japan and had an 11.1% in-hospital mortality rate in 2010. 1) A total of 586 hospitals in Japan have cardiovascular surgeons, and 1881 cardiovascular surgeons are practicing as board-certified cardiovascular surgeons. 1) On an average, one hospital experiences 6.28 cases of AAAD per year and one surgeon experiences 1.96 cases of AAAD per year. Recently, there has been a high increase in the clinical audit level for cardiovascular surgery. AAAD is obviously a life threatening condition, and the available treatment alternatives do not offer encouraging results. Therefore, an emergent life-saving surgery performed by a professional expert is highly demanded. The profession itself has come to recognize clinical audit as a valuable means to improve professional standards and reduce complication rates.
The usefulness of the sequential probability cumulative sum (CUSUM) technique to analyze surgical performance has been demonstrated in recent studies. [2] [3] [4] CUSUM detects changes in perioperative mortality and morbidity rate during the patient care process. Furthermore, it provides almost real-time monitoring of surgical performance if updated after each procedure. Moreover, CUSUM analysis acknowledges the importance of individual experience in monitoring performance and allows for easy charting of a learning curve with regard to the incidence of perioperative complications.
We have been working on this learning curve issue and have reported literature considering coronary artery bypass grafting 5) , aortic arch replacement 6) , and launching of a new cardiac surgery unit. 7) In addition, we have shown that there is a cut-off number of cases sufficient to ensure optimal outcomes. In this study, we constructed a learning curve of AAAD surgery, which is one of the most difficult emergent cardiac surgeries in Japan. 
MATERIAL AND METHODS

Operative Technique
A patient was placed in the supine position under general anesthesia. Arterial line was monitored at either of the radial artery. Near infrared ray monitoring was applied to the frontal head. We preferred to use the common femoral artery as the arterial cannulation site because it has stronger pulsation and is quick and safe. When tperfusion was inadequate, we performed apical or axillary artery cannulation. After the chest was opened, right atrial appendage was cannulated with double-borne venous drainage. Deep hypothermic circulatory arrest was attained by cooling the core done to 20 Celsius degree at the pharynx. Ascending aorta was opened and intimal tear was identified. We used retrograde cerebral perfusion via venous cannula for brain protection among the first 15 patients, and we changed it to antegrade cerebral perfusion through intraluminal cerebral perfusion balloon catheter among the last 15 patients. According to the intimal tear site, ascending or hemiarch replacement was decided, and distal anastomosis was performed first with double layer reinforcement. After performing distal anastomosis with a proper-size prosthetic graft, the graft was clamped and systemic antegrade perfusion was initiated through a side branch of the graft, and rewarming was initiated. Proximal anastomosis was performed in the same fashion as distal anastomosis with or without aortic valve procedure.
Statistical Analysis
In this study, CUSUM was defined as Sn=∑(Xi-X0), where Xi=0 for success, Xi=1 for a failure, and X0 is the reference or target value. The target value was calculated for every patient using the Japan SCORE calculator, which is an online calculator of 30-day operative and in-hospital mortality and morbidity rates (http://www.jacvsd.umin.jp).
1) CUSUM curves were manually constructed for determining overall mortality rate and operative variables. 8) 95% lower alarm line was defined as 95% safety of the target value for each patient. Numerical data regarding surgery, cardiopulmonary bypass, aortic crossclamp, and deep hypothermic circulatory arrest duration were statistically analyzed by the sixth polynomial approximation coefficient.
RESULTS
This study population comprised 18 female and 12 male patients (Table 1) . Their mean age was 64.1±10.8-years-old (range, 38 to 79 years). As shown in Table 2 , operative and in-hospital mortality was observed in two patients (6.67%), which included rupture of the residual descending aneurysm 3 weeks after the surgery and brain infarction. Major postoperative morbidity was observed in three patients (10.0%), including one patient with a postoperative transient stroke and two patients of long respiratory ventilation and subsequent tracheostomy. The average Figure 1 shows CUSUM learning curve of mortality and Figure 2 shows CUSUM learning curve of mortality and morbidity. In both figures, the learning curves did not transgress the 95% lower alarm line.
Scattered graphs regarding surgery and cardiopulmonary bypass duration are shown in Figure  3 and 4. A negative and downward correlation was observed for surgery duration and cardiopulmonary bypass duration with R 2 values by the sixth polynomial approximation coefficient analysis of 0.149 and 139, respectively, which were not statistically significant.
All patients needed blood transfusion, including packed blood cell, fresh frozen plasma, or platelet concentrate.
DISCUSSION
Unlike the frequency and stable surgical results of patients with a type B aortic dissection 9), 10) , patients with AAAD very infrequently visit board-certified cardiac surgeons in Japan. Kazui et al. recently reported that 435 hospitals treated 9556 patients of AAAD in five years with a 13.2% mortality rate and four hospitals, which treated more than 20 patients, showed a 7.90% mortality in Japan. 11) These results are very much superior to those of Europe and the US that reported 26% operative and in-hospital mortality. 12, 13) The correlation between quantity and quality of a surgical procedure has been recently investigated intensively. Although some groups reported data that strongly support the positive relationship between the number (quantity) of cases and operative results (quality) in coronary artery bypass grafting, 14) , 15) other groups have questioned the relationship. 16), 17) In a large study on AAAD with 3013 patients, the mortality rate was 23%, which was not significantly different from that reported by the IRAD consortium, which is thought to be representative of high-volume aortic surgery centers. They argued that operative repair of AAAD may have a constant minimum force of mortality, which only heightens the importance of identifying and treating patients at risk for dissection.
3), 13) This study inferred two facts. First, an independent cardiac surgeon could launch into AAAD surgery with safe results, which was shown as below 95% lower alarm line performance in the CUSUM analysis. Second, the surgery, cardiopulmonary bypass, aortic crossclamp, and deep hypothermic circulatory arrest duration did not change significantly throughout the study period.
The first observation may be because of the excellent mentoring of the cardiac surgeon and uniform operative techniques at teaching hospitals. In addition, we provide careful and meticulous postoperative care to prevent patient death even in patients complicated with stroke. Surgery in the first three cases were performed under strict supervision of the senior attending-consultant surgeon, and the remaining cases were performed by a surgeon undertaking the study. The nursing staff changed in turns; however, perfusionists who operated the pumps were highly experienced personnel. The second observation was in accordance with the quantity-quality relationship. It may also be explained by the finding that preoperative morbid status of patients with AAAD varies widely and differently influences the surgery duration. Furthermore, preoperative neurological and circulatory status, the extent of dissection and the quality of the aortic wall, and coagulapathic status differ among patients. These complex factors reflect the fact that the surgery duration differed among patients. A potential limitation of this study is that the study population 30 cases of AAAD is too small to draw definite conclusions. Furthermore, the limited amount of literature dealing directly with the relationship between the number of cases (quantity) and learning curve in AAAD surgery was also a limitation. As mentioned, patients with AAAD rarely consult cardiac surgeons in Japan. CUSUM analysis used in this study was not dependent on the number of cases and was statistically significant. Another limitation is the criticism that this CUSUM analysis provides information that could not be generalized and did not consider other patient care-related issues or variables. Moreover, it is logically impossible to generalize the result of different surgeons because each surgeon has a different surgical training background. This study is intended to be considered not as a generalization but as an example. In addition, the operative background of the study patients was different, and the adjuncts were changed on the basis of the study. The study period spanned eight years during which skills of surgeons could have improved.
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